Strain NL19 T is a Gram-stain-negative, aerobic bacterium that was isolated from sludge of a deactivated uranium mine in Portugal. 16S rRNA gene sequence analysis revealed that strain NL19 T is a member of the genus Pedobacter and closely related to the strains Pedobacter himalayensis MTCC 6384 T , Pedobacter cryoconitis DSM 14825 T , Pedobacter westerhofensis DSM 19036 T and Pedobacter hartonius DSM 19033 T . It had a DNA G+C content of 40.8 mol%, which agreed with the genus description. The main fatty acids included C 16 : 1 !7c, C 14 : 1 !5c, C 4 : 0 , iso-C 17 : 0 , iso-C 17 : 0 3-OH, C 16 : 0 , anteiso-C 15 : 0 and iso-C 15 : 0 3-OH. The main lipids present were phospholipids (60 %) and sphingolipids (35 %). The most abundant phospholipids included phosphatidylethanolamine, phosphatidylinositol and phosphatidylcholine. Menaquinone-7 (MK-7) was the only isoprenoid quinone detected. DNA-DNA hybridization similarities between strain NL19 T and Pedobacter himalayensis MTCC 6384 T , Pedobacter cryoconitis DSM 14825 T , Pedobacter westerhofensis DSM 19036 T and Pedobacter hartonius DSM 19033 T were 15.3 , 16.2 , 11.5 and 16.0 %, respectively. Strain NL19 T can also be distinguished from these four species based on gyrB and intergenic transcribed spacers (ITS) sequences and by some phenotypic traits such as NaCl tolerance, pH, growth temperature and carbon source utilization. Strain NL19 T represents a novel species of the genus Pedobacter, for which the name Pedobacter lusitanus sp. nov. is proposed. The type strain is NL19 T (=LMG 29220 T =CECT 9028 T ). An amended description of Pedobacter himalayensis is also included.
INTRODUCTION
The genus Pedobacter belongs to the phylum Bacteroidetes and family Sphingobacteriaceae. It was first proposed by Steyn et al. [1] and later amended by several authors [2] [3] [4] [5] [6] [7] . Members of this genus are Gram-stain-negative rods, obligately aerobic and heparinolytic, having menaquinone-7 (MK-7) as the major isoprenoid quinone [2, 8] . The number of species of the genus Pedobacter has increased considerably in the last several years. Presently, more than 61 species are known (www.bacterio.net/pedobacter.html, accessed 28/12/2016; [9] ), with Pedobacter heparinus as the type species. Bacteria of this genus can be isolated from a wide range of habitats, including soil, water, fish, bamboo plantations and ginseng fields, among others [4, [10] [11] [12] [13] [14] [15] .
In this study, strain NL19 T was characterized using a polyphasic approach, which allowed its identification as a novel species of the genus Pedobacter. Strain NL19 T was isolated from sludge collected in a deactivated uranium mine at Quinta do Bispo (40 34¢ 44.2 † N 7 46¢ 27.4 † W) located in Viseu district (Portugal). This sludge contains high levels of metals and radionuclides of the uranium series [16] since it originates from the chemical treatment of the acid waters drained from the deactivated mine. For the isolation, 20 g of sludge was collected in sterile tubes, mixed with 200 ml 0.5 % (w/v) sterile NaCl solution and stirred for 1 h at 18 C.
The suspension was centrifuged at 153 g for 1 min, and serial dilutions of the supernatant were prepared and spread on nutrient agar plates (NA; BD Difco) to obtain single colonies. After incubation for 1 week at 26 C, morphologically different colonies were picked and tested for antibacterial activity against different indicator strains. Strain NL19 T showed antibacterial activity against a wide range of Gramnegative and Gram-positive bacteria with relevance in the clinical, food, veterinary and aquaculture settings, including Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212, Enterococcus faecium 547261 (clinical isolate), Bacillus cereus AV2 (environmental isolate), Listeria monocytogenes 71 (clinical isolate), Haemophilus influenzae 121642 (clinical isolate), Klebsiella pneumoniae ATCC 700603, Salmonella enteritidis ATCC 13076, Escherichia coli ATCC 25922 and Aeromonas hydrophila ATCC 7966. It was inactive against Pseudomonas aeruginosa PAO1.
Gram staining, motility, and catalase and oxidase activities of strain NL19 T were determined as described by Lanyi [17] . Hydrolysis of casein, starch, L-tyrosine, L-xanthine, Tween 20 and Tween 80 was performed by the conventional methods described by Cowan and Steel [18] . Its physiological and biochemical characterization was carried out with API 50 CH, API 20 NE and API ZYM (bioM erieux API) test kits and EnteroPluri-Test (Liofilchem), following the manufacturers' instructions. The API galleries were inoculated with cell suspensions prepared with saline solution (0.9 %, w/v, NaCl). API 50 CH galleries and EnteroPluri-Test were incubated at 26 C for 48 h. The API 20 NE and ZYM tests were also performed for other reference strains (Table 1) . These galleries were incubated at 20 C, because Pedobacter westerhofensis DSM 19036 T is not able to grow at 26 C. All tests were performed in duplicate, and the results are shown in Table 1 .
The ability of strain NL19 T to grow at 26 C for 5 days was investigated in the following media: NA, tryptone soy agar (TSA; Liofilchem), R2A (BD Difco), MacConkey (Liofilchem), minimal medium agar [1.0 % (w/v) K 2 HPO 4 , 0.45 % (w/v)
The influence of temperature on bacterial growth was evaluated in tryptone soy broth (TSB; Liofilchem) during 48 h of incubation at 4, 18, 20, 26, 30 and 37 C, without aeration. pH tolerance range (pH 4.0 to 10.0, at intervals of 1.0 pH unit) and ability to grow at different salt concentrations (0 , 0.5 , 1.2 , 4 , 6 , 8 , 10 %, w/v NaCl) was determined in TSB medium, at 26 C for 48 h. Growth was estimated by monitoring the turbity at 600 nm (Genesys 20 visible spectrophotometer, Thermo Scientific). DNA G+C content was determined as described by Wilson [19] with the modification proposed by Cleenwerck et al. [20] . Analysis was performed by HPLC according to the method of Mesbah et al. [21] . Antibiotic susceptibility testing was performed by disc diffusion assay according to the European Committee on Antimicrobial Susceptibility Testing guidelines [22] , and the MIC was determined by the broth dilution method according to the protocol of Andrews [23] . Strains were considered susceptible, intermediate or resistant based on the breakpoints established by EUCAST [22] or CLSI [24] (Table 1) . Strain NL19 T was susceptible to trimethroprim/sulfamethoxazole, nitrofurantoin and imipenem, and resistant to amoxicillin/clavulanic acid, amikacin, ampicillin, aztreonam, chloramphenicol, ciprofloxacin, colistin sulfate, cefepime, cefoxitin, ceftazidime, cefuroxime, gentamicin, netilmicin, penicillin G, piperacillin, piperacillin/tazobactam, streptomycin, tetracycline, ticarcillin, tobramycin and vancomycin. The following MIC values were obtained for strain NL19 T : >32 µg ml À1 for chloramphenicol and meropenem and >64 µg ml À1 for ampicillin, kanamycin and tetracycline.
The morphological and biochemical characteristics of strain NL19 T were similar to those reported for the genus Pedobacter [1] . Cells were Gram-stain-negative rods, positive for oxidase, catalase, gelatinase, alkaline phosphatase, b-galactosidase, aglucosidase, esterase (C4), esterase lipase (C8), leucine arylamidase and acid phosphatase. It did not produce H 2 S, indole or urease, but reduced nitrates (Table 1 ). It was able to degrade casein, starch, Tween 20 and Tween 80 but not Ltyrosine or L-xanthine. The DNA G+C content was 40.8 mol %, which is within the range of values reported for the genus Pedobacter (36-47.5 mol%; [25] ).
Affiliation of strain NL19 T was established based on 16S rRNA gene sequence. The sequence was aligned with 16S rRNA gene sequences of other species of the genus Pedobacter retrieved from the GenBank database using the CLUSTALX program [26] . Phylogenetic trees were reconstructed based on the neighbour-joining (NJ) [27] , maximum-likelihood (ML) [28] and maximum-parsimony (MP) [29] methods, using the MEGA6 software [30] . The model applied was the Kimura 2parameter with gamma distribution and invariant sites (K2+G +I) since it was the model with the lowest BIC (Bayesian Information Criterion) determined by the model prediction option of MEGA6. For the NJ tree ( Fig. 1) , substitutions, transitions and transversions were included and a gamma parameter value of 1 was considered. For the ML tree (see Fig. S1 , available in the online Supplementary Material), a gamma parameter of 5 and the nearest-neighbour-interchange (NNI) as the heuristic model were used. Subtree-pruning-regrafting (SPR) (search level=1, random additions=100 and a maximum retaining trees of 100) was applied to obtain the MP tree ( Fig.  S2 ). In all the analyses, the confidence level of the branches was determined by the bootstrap method with 1000 replications and the gaps were treated as complete deletion.
A 16S rRNA gene sequence similarity of more than 98 % was found between strain NL19 T (KJ579161) and Pedobacter himalayensis MTCC 6384 T [31] [12] (98.34 %). Since the 16S rRNA gene sequence of strain NL19 T shared more than 98.2 % similarity with these strains, DNA-DNA hybridization studies (DDH) were required [33, 34] . DDH analysis was performed by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). For that, cells were disrupted using a Constant Systems TS 0.75 kW machine (IUL instruments), and the DNA in the crude lysate was purified by hydroxyapatite chromatography, as described by Cashion et al. [35] . The DDH procedure was carried out as described by De Ley et al. [36] with the modification described by Huss et al. [1, 12, 31, 32] . All strains are positive for the following features: aerobic growth, catalase, oxidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, b-galactosidase and N-acetyl-bglucosaminidase activities, and aesculin ferric citrate, D-mannose and D-glucose assimilation. All strains are Gram-stain-negative and non-motile (non-flagellated). The following tests were negative: activity of lipase (C14), a-galactosidase, arginine dehydrolase, urease and a-mannosidase, indole production, nitrate reduction, and assimilation of potassium gluconate, capric acid, adipic acid, malic acid, trisodim citrate, phenylacetic acid and glucose fermentation. All strains are susceptible to sulfamethoxazole/trimethoprim (25 µg) and resistant to amoxicillin/clavulanic acid (30 µg), ampicillin (10 µg), aztreonam (30 µg), cefepime (30 µg), cefoxitin (30 µg), cefuroxime (30 µg), ceftazidine (10 µg), ciprofloxacin (5 µg), colistin sulfate (10 µg), gentamicin (10 µg), netilmicin (10 µg), pipericillin (30 µg), pipericillin/tazobuctam (30-60 µg) and streptomycin (10 µg). +, Positive; À, negative; ±, weakly positive reaction; ND, no data available; R, resistant; S, sensitive; I, intermediate. 
Antibiotic used (µg per disc): DNA-DNA relatedness generally considered to describe a bacterial species, as per the recommendation of the ad hoc committee of bacterial systematics [38] .
Lipid composition determinations (Table 2) were perfomed as described by Rodríguez-Alcal a et al. [39] . Strain NL19 T was grown in TSB for 72 h at 26 C and with aeration (180 r.p.m.). Cells were harvested, and 350 mg of pellet was used for lipid isolation as described by Matyash et al. [40] . Phospholipids were the main lipids identified (60 %; Table 2 ) with phosphatidylethanolamine, phosphatidylinositol and phosphatidylcholine (Table 2) being the most abundant phospholipids. Sphingolipids represented 35 % of the lipids ( Table 2 ) and eluted in the chromatographic region of glucolipids ( Fig. S3 ).
Characterization of respiratory lipoquinones of strain NL19 T and polar lipids of strain NL19 T and Pedobacter himalayensis MTCC 6384 T also were performed by the DSMZ. Cultures of the two strains were grown in TSB for 48 h at 26 C and 180 r.p.m. The extraction of polar lipids was carried out with freezed-dried cells in a two-stage method as described by Tindall [41, 42] and further analysed as described byTindall et al. [43] . The respiratory lipoquinones were extracted following the protocol of Tindall [41, 42] and separated into their different classes (menaquinones, ubiquinones, etc.) by TLC on silica gel (Macherey-Nagel) using hexane/tert-butylmethylether (9 : 1, v/v) as solvent. UV-absorbing bands corresponding to the different quinone classes were removed from the plate and analysed on a LDC Analytical HPLC (Thermo Separation Products) fitted with a reverse-phase column (2Â125 mm, 3 µm, RP18, Macherey-Nagel) with a mobile phase of methanol/ heptane, 9 : 1 (v/v); respiratory lipoquinones were detected at 269 nm. MK-7 was the only respiratory lipoquinone detected in strain NL19 T , which is in accordance with the description of other members of the genus Pedobacter [25, [44] [45] [46] [47] . The polar lipids profiles of strain NL19 T and Pedobacter himalayensis MTCC 6384 T were similar and consisted of phosphatidylethanolamine, three unidentified lipids, one unidentified glycolipid, four unidentified aminolipids, one unidentified phospholipid and two unidentified phosphoaminolipids (Fig. S4 ).
Cellular fatty acid (FA) compositions of strain NL19 T , its most closely related species and the type species of the genus, Pedobacter heparinus DSM 2366 T , were determined as described by Rodri guez-Alcala et al. [48] . The strains were grown on R2V (one litre contained 0.5 g bacto yeast extract, 0.5 g proteose peptone, 0.5 g bacto casamino acids, 0.5 g bacto dextrose, 0.5 g soluble starch, 0.3 g sodium pyruvate, 0.3 g KH 2 PO 4 , 0.05 g magnesium sulfate) and incubated for 48 h at 20 C. Cells were harvested, and 500 mg of cellular pellet was analysed. For identification purposes, injections of GLC 36 (Nu-Chek Prep), butterfat CRM-164 (EU Commission; Fedelco) and a bacterial acid methyl ester reference solution (Sigma-Aldrich) in methyl caproate were assayed. All tests were performed in triplicate, and the results are shown in Table 3 . Accordingly, the total FA concentration of strain NL19 T was 10.29 µg mg À1 and it ranged from 8.75 µg mg À1 in Pedobacter cryoconitis DSM 14825 T to 11.93 µg mg À1 in Pedobacter heparinus DSM 2366 T . The main fraction of FAs was the monounsaturated compounds due to the content of C 16 The 16S rRNA gene is the gold standard for taxonomic studies in bacteria. Nevertheless, in the last several years, it has been highlighted that the analysis of other genetic markers such as DNA gyrase subunit B (gyrB) and the intergenic transcribed spacers (ITS) can also be useful for bacterial taxonomy [49] [50] [51] . Thus, herein, the gyrB and ITS sequences of NL19 T and its closest relatives were investigated, allowing a deeper comparative analysis. gyrB and ITS sequences of type species are rarely available in databases, unless their genomes have been sequenced. Therefore, the gyrB gene and ITS were amplified in a final volume of 50 µl using Taq DNA polymerase (NZytech). For gyrB amplification, GyrB_fw (5¢-ATTATTGGGCIGATAATATWC-3¢) and GyrB_Rv (5¢-TCMGCATCCGTCATGAT-3¢) primers were used for Pedobacter hartonius DSM 19033 T and GyrB2_Fw (5¢-GACAACTCTATMGATGARGC-3¢) and GyrB2_Rv (5¢-CGTAGTAATGTGAGAGCCKTCAA-3¢) were used for all the other species of the genus Pedobacter examined. The ITS sequences were amplified using the ITSC (5¢-TTGTACACACCGCCCGTCA-3¢) and ITSB (5¢-GGTACCTTAGTTTCAGTTC-3¢) primers [52, 53] . The amplification parameters were as follows: denaturation at 95 C for 3 min followed by 30 cycles of denaturation at 95 C for 30 s, primer annealing at 53 C (gyrB) or 58 C (ITS) for 30 s, followed by an extension at 72 C for 1 min and a final extension step at 72 C for 10 min. The gyrB amplicon (1500 bp) of each strain was purified with the NZYGelpure kit (NZYTech) following the manufacturer's instructions and sequenced. ITS amplicons were purified with the same method and cloned into the pTZ57RT vector using the InsTAclone PCR Cloning Kit (Thermo Scientific). Each ligation was transformed into chemically competent Escherichia coli DH5a cells according to standard procedures [54] . From each transformation, 10 white colonies were selected and their inserts amplified with the universal primers for the vector. The PCR products were digested with TaqI (Thermo Scientific) for 1 h at 65 C, and the result was visualized after agarose gel electrophoresis. For each strain, the ITS amplicons exhibiting different digestion patterns were sequenced. The sequences were analysed with the CLC sequence viewer 7 software (CLC bio), and tRNA genes were identified with tRNAscan-SE [55] . Phylogenetic trees based on gyrB ( Fig. 2) and ITS (Fig. 3) were generated as described for the 16S rRNA gene, although the models used for gyrB and ITS trees were the Tamura 3-parameter (T92) and Kimura 2-parameter (K2), respectively, with gamma distribution for both. The gyrB and ITS sequences of Pedobacter heparinus DSM 2366 T and Pseudopedobacter saltans DSM 12145 T [56] were obtained from the genomes available in the public databases. For the majority of the species, the different ITS in each genome had some nucleotide divergences (Figs 3 and S5) , except Pedobacter heparinus DSM 2366 T and Pedobacter antarcticus LMG 14024 T . All the ITS sequences share common features: they encode the tRNA Ile and the tRNA Ala (Fig. S5 ) and have three variable regions (herein numbered from 1 to 3; Fig. S5 ). Based on gyrB sequences (Fig. 2) , strain NL19 T is within a clade together with Pedobacter cryoconitis DSM 14825 T and Pedobacter himalayensis MTCC 6384 T . In the ITS phylogenetic tree, strain NL19 T forms a unique branch, separated from the other species of the genus Pedobacter analysed.
The data herein presented support the conclusion that strain NL19 T represents a novel species of the genus Pedobacter, for which the name Pedobacter lusitanus sp. nov. is proposed.
DESCRIPTION OF PEDOBACTER LUSITANUS SP. NOV.
Pedobacter lusitanus (lu.si.ta¢nus. L. masc. adj. lusitanus from Lusitania, the present-day Portugal).
Cells are Gram-stain-negative, non-motile rods, aerobic, and catalase-and oxidase-positive. On NA, TSA and MacConkey agar, colonies are light yellow, and on R2A and minimal medium plates colonies show a pale white shiny colour. The colonies are mucoid on all the media tested. In heparin medium, growth occurs after 72 h at 26 C, with aeration. In TSB, growth occurs at temperatures of between 4 and 30 C, with an optimum growth range between 18-30 C. Optimal pH for growth is pH 6 to 8, at 26 C. At the same temperature, growth occurs in the presence of NaCl, up to 2 % (w/v), being optimal at 0.5 %. Aesculin, gelatin, casein, starch, Tween 20 and Tween 80 are hydrolysed but L-tyrosine and L-xanthine are not. Positive for alkaline phosphatase, a-glucosidase and b-galactosidase activity. Negative for L-arginine urease and H 2 S production. Does not produce indole, and nitrate is not reduced to nitrite or N 2 . In API20 NE and API ZYM tests, positive for assimilation of D-glucose, D-mannose, D-mannitol, N-acetylglucosamine and maltose, and activity of a-fucosidase, cytochrome c oxidase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BIphosphohydrolase, but negative for assimilation of D-arabinose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, a-galactosidase and phenylacetic acid, and arginine dehydrolase activity. Fermentation reactions of D-glucose, adonitol, lactose, arabinose and sorbitol are negative. Acid is produced from D-galactose, D-glucose, D-frutose, Dmannose, D-mannitol, methyl a-D-mannopyranoside, amygdalin, aesculin ferric citrate, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trealose and L-fucose (API50 CH). Produces three different sphingolipids. Five groups of phospholipids can be identified (phosphatidic acid, phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine and phosphatidylcholine) with phosphatidylethanolamine as the main compound. The main fatty acid is C 16 : 1 !7c, followed by C 14 : 1 !5c, C 4 : 0 , iso-C 17 : 0 , iso-C 17 : 0 3-OH, C 16 : 0 , anteiso-C 15 : 0 and iso-C 15 : 0 3-OH. The polar lipids profile includes phosphatidylethanolamine, three unidentified lipids, one unidentified glycolipid, four unidentified aminolipids, one unidentified phospholipid and two unidentified phosphoaminolipids. MK-7 is the only respiratory lipoquinone identified. 57
The type strain NL19 T (=LMG 29220 T =CECT 9028 T ) was isolated from sludge collected from a deactivated uranium mine located in the District of Viseu (Portugal). The DNA G+C content of the type strain is 40.8 mol%, and its draft genome is deposited at DDBJ/EMBL/GenBank under the accession no. JXRA00000000.1 [57] .
EMENDED DESCRIPTION OF PEDOBACTER HIMALAYENSIS SHIVAJI ET AL. 2005
The following additions were made to the description of Pedobacter himalayensis made by Shivaji et al. [31] . The polar lipids are phosphatidylethanolamine, three unidentified lipids, one unidentified glycolipid, four unidentified aminolipids, one unidentified phospholipid and two unidentified phosphoaminolipids. It hydrolyses casein, starch, Tween 20 and Tween 80 but not L-tyrosine or Lxanthine.
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